Pediatric audiology has seen the inclusion of the auditory steady-state response (ASSR) in clinical test-batteries as a valuable diagnostic tool. Its unique stimuli, recording and analysis characteristics allow for applications not previously possible with other auditory evoked responses in infants and young children. Although the longstanding research and clinical validation history of the frequency-specific auditory brainstem response (ABR) make it the current gold standard for estimating hearing thresholds, accumulating evidence is establishing the ASSR as a reliable and accurate tool for the diagnosis of hearing loss in infants. Current test-protocol efficiency and accuracy may be improved by including the ASSR to supplement ABR data and to cross-check test results. This article reviews the ASSR and its current clinical applications and limitations for determining hearing thresholds in infants and young children.
INTRODUCTION
Auditory evoked potentials (AEP) have served as important tools in pediatric audiology since the discovery of the Auditory Brainstem Response (ABR) in 1971 1 .
Most prominently, these scalp recorded potentials have been utilized to screen for hearing loss and to estimate hearing thresholds in infants and young children who are unable to provide reliable responses with behavioral audiometry.
The number of pediatric patients requiring these tests has increased significantly since the widespread implementation of Universal Newborn Hearing Screening (UNHS) programs. Automated ABR screening devices are used globally in many UNHS programs to identify newborns that may be at-risk for hearing loss. Pediatric audiologists may now routinely see patients within the first few weeks of life for a diagnostic assessment of their hearing. The ABR has become the gold standard for diagnostic purposes to determine hearing thresholds in these infants 2 . This diagnostic information is the foundation of accountable intervention. It allows appropriate medical referral and informed decisions regarding amplification options (e.g. hearing aid, cochlear implant) and their subsequent programming and utilization, to be made. Ultimately, it serves to ensure optimal developmental outcomes for children diagnosed with hearing loss.
A more recent clinical AEP at the disposal of audiologists is the Auditory SteadyState Response (ASSR). Although first described three decades ago using slightly different methods, it only became available as a clinical tool for pediatric populations less than 10 years ago 3 . It was referred to by many different names including, the 40Hz response, amplitude following response and steady stated evoked potential 3 .
Its clinical value for pediatric populations before this time was very limited since responses were absent when subjects were asleep. Only once higher modulation frequencies were utilized, during the mid 90's, could children be tested during sleep.
Since this discovery the ASSR has been investigated with great interest for its unique application possibilities. Current recommendations for diagnosis of hearing loss in infants have indicated that the ASSR should be used in combination with frequency-specific ABR measurements and not in place of these yet 2 . New evidence is however continually emerging in the validation of the ASSR as a reliable and accurate tool in diagnosis of hearing loss in infants.
BACKGROUND ON THE ASSR
The ASSR is characterized by its periodic nature which is directly related to the periodic nature of the stimulus used to evoke the response. Figure 1 provides an illustration of this stimulus-response relationship. The most commonly used stimulus is a tone modulated in amplitude at a specific modulation frequency. The tone denotes the region of the basilar membrane being stimulated and is referred to as the carrier frequency or test frequency. The modulation frequency determines the rate of stimulation at the basilar membrane and is also the signature frequency used to identify if the response is present or not. In a sense the ASSR is a demonstration of how well the brain "follows" the periodic changes (modulation frequency) of the stimulus or conversely, how the stimulus "drives" the brain at a particular rate (modulation frequency) 4 . The rate of neural firing is therefore representative of the rate of stimulation. If a response is present, a peak of neural activity corresponding to the modulation frequency will be observed. Because the responses occur very rapidly as a function of the rapid stimulation, the brain's response to each stimulus is evoked before the response to the prior stimulus has ended. As a result the response does not return to a baseline state but remains a "steady-state" or sustained response.
INSERT FIGURE 1
The exact neural generators of the ASSR are not easy to identify since the whole nervous system is activated by modulated tones. Different regions of the auditory nervous system are however more involved depending on the rate of modulation . In young infants response amplitudes are largest when recorded from the ipsilateral mastoid. As a result, ff a single-channel AEP system is used it is best to record multiple frequencies simultaneously in one ear at a time 3 .
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The averaging approaches between clinical systems may differ. Some systems use a fixed averaging period (e.g. 90 seconds) for presentation of a stimulus independent of the stimulation intensity. Others use an adaptive averaging period that increase the averaging time as the intensity is decreased to compensate for the poorer signalto-noise ratio at lower intensities. The fixed averaging method requires an alternative way of compensating for elevated electrophysiological thresholds at lower intensities and employs a predictive formula to estimate hearing thresholds from the ASSR data 3 .
Recent reports have proposed the use of a fixed signal-to-noise ratio as a stop criterion as opposed to fixed time periods 5, 6 . The noise levels recommended as a stop criterion varies from 5 nV to 15 nV 3 . Some noisy patients may not reach these levels within a clinically acceptable time frame and for such cases a maximum time limit should also be employed.
Analysis
Analysis of the ASSR is quite different to that of the ABR. In contrast to the ABR typically analyzed in the time-domain, the ASSR, is analyzed in the frequency 
Air conduction thresholds
Hearing thresholds have effectively been estimated by ASSR recordings in infants and young children. A maturation effect is observed for ASSR in normal hearing infants compared to adults. Infant thresholds are typically elevated by between 10 to 15 dB, most prominently at 500 followed by 4000 Hz [7] [8] [9] [10] [11] [12] [13] . Current evidence suggests the maturational effects are most prominent in the first few weeks of life dissipating within the first three months 6, 7, 14 . A recent study comparing ASSR thresholds for preterm and term infants revealed a significant difference between thresholds at 500 and 4000 Hz with slightly higher thresholds for preterm infants ( 
Bone conduction thresholds
Including auditory evoked potentials to measure bone conduction thresholds provides a way of differentiating types of hearing loss and should be a part of routine diagnostic procedures for infants 2 . Current research indicates that reliable bone conduction thresholds can be obtained in preterm, term and older infants with normal hearing [24] [25] [26] [27] . A maturational effect suggests that bone conduction ASSR thresholds improve in the high frequencies and deteriorate in the low frequencies as illustrated 
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An important concern in bone conduction ASSR measurement is the presence of artifactual responses at reasonably low stimulation levels as illustrate in figure 2 27, 28 .
Artifactual responses are due to the same reasons as spurious air conduction thresholds at high intensities (discussed in previous section). Bone Bone conduction ASSR thresholds in infants may be useful to categorize normal sensorineural hearing in infants but the occurrence of artifactual responses at low levels make differentiating types and degrees of hearing loss difficult. Current evidence suggest that sensorineural hearing loss of a mild or greater degree in the low frequencies (≤500 Hz) and of a moderate and greater degree in the high frequencies (≥1000 Hz), cannot be quantified confidently 27 .More research data is necessary to validate and compare bone conduction ASSR testing in infants and children compared to frequency-specific ABR before it can be recommended for widespread clinical use.
Sound-field thresholds
The continuous modulated tones, used to evoke the ASSR, are less likely to distort when presented through sound-field speakers or when processed by a hearing aid than transient stimuli used for ABR recordings. Successful recordings of aided ASSR thresholds that correlate reasonably well with behavioral thresholds have been reported for adults and infants 31, 32 . Aided ASSR thresholds recorded in a group of infants demonstrated the largest variability at 500 Hz with more than half of these thresholds being absent during sound-field recordings 31 . Other frequencies were consistently present and this information provided the first robust evidence of hearing aid benefit in these young infants who were unable to provide reliable behavioral responses at that time 31 case management, especially in light of the increasingly younger population being served by audiologists with the widespread implementation of UNHS.
Auditory Neuropathy
This auditory condition reportedly constitutes approximately 10% of all permanent hearing loss cases 33, 34 . It is characterized by evidence of cochlear functioning by the presence of a cochlear microphonic response and/or present oto-acoustic emissions.
The ABR in contrast is totally absent or present at high intensities but grossly abnormal. These findings typically result in varying degrees of hearing loss and perceptual difficulties related to temporal processing. ASSR thresholds in cases of auditory neuropathy do not demonstrate correlation to behavioral thresholds and if present are typically elevated by 30 to 40 dB 17, 35, [35] [36] [37] [38] . As a result, ASSR thresholds in cases of auditory neuropathy do not predict hearing thresholds and neither can the ASSR diagnose the condition. The ABR remains essential in diagnosing the presence of auditory neuropathy although, as with the ASSR, it cannot predict hearing thresholds for these patients.
CONCLUSION
The ASSR has been used clinically for close to a decade and has proved itself to be a 
